2).
Therefore, oxidation of the substrate (ref. 3) or of the interfacial region by reactive sputtering (refs, 3 and 4) .have been used to enhance the adhesion of TIC and other refractory metal compounds to steel substrates. Further investigation (ref. 5) showed that oxidation of the interface did not result in the best adhesion of TIC to steel. A mixed nitride interface, formed by reactive sputtering in nitrogen, was much more effective. It could not be assumed, therefore, that oxidation would be the most effective interface treatment for alloys of metals other than iron.
The objective of the present investigation was to search for interface treatments that would increase the adhesion of TIC to nickel and titanium based alloys. The al.loysTi-GAl-4V (G wt% Al"4 wt% V, balance Ti) and Rene 41 (19 wt% Cr, 11 wt% Mo, 3 wt% Ti, balance Ni) were chosen as representatives of their types. Adhesion of the coatings was evaluated in pin-and-disk friction tests. The coatings and interface regions were examined with X-ray photoelectron spectroscopy (XPS).
The alloys were commercial materials of the nominal composition given above.
They were cast in the form of disks 0.4 cm in tltameter and 1.3 cm thick. One fiat face of the disks which was to be coated, was finished by grinding on SIC papers polished with diamond polish, and finished with 1µm Al 2O3 . The TIC sputtering target was a commercial hot-pressed compact. A cast Ti metal target was also used.
The coatings were applied in an rf-sputtering apparatus which has been described before (ref.
2), Target power density was 1. 04 W/cm 2 with deposition times from 5 to 40 minutes. The shorter times were used to make thin specimens for XPS analysis. The sputtering atmosphere Gould be controlled by admitting gas during sputtering through two leak valves. The sputtering pressure was kept at about 2, 7 N/m2 (20 µ). The disk could be biased with'a do voltage, ,Before deposition, the targets were cleaned by rf-sputtering until there was little pressure rise due to outgassing. The disk specimen was sputter etched, if desired, at -1200 V in 2.7 N/m2 of argon for 15 minutes. The system was then evacuated, the appropriate initial sputtering atmosphere established, and a bias voltage of -500 or -1000 V was applied to the disk. After intervals from a few seconds to 30 minutes, the bias voltage was set at -500 V, rf power was applied to the target, and the disk was moved under the target to begin deposition. Two minutes later the sputtering atmosphere was reduced to pure argon and the deposition completed,
The coated disks were tested in the friction apparatus which has been described Figure 1 shows that all the coatings performed reasonably well at 0, 5 N load, but only the one reactively sputtered in acetylene did not fail at 1,0 N. Proftlometer traces confirmed that this coating showed no wear, while the others had spatted.
Coatings prepared using a higher partial pressure of acetylene (1x10 4 torr) peeled spontaneously and could not be tested.
Samples of Rene 41
were then prepared by sputtering in two different partial pressures of acetylene at two different bias voltages but without depositing TIC.
These samples were analyzed with XPS after sputter etching for 1 minute to remove surface contamination, Table I shows that the amount of carbon on the surface depends on both the partial pressure of acetylene and the bias voltage.
The C(1s) peak was generally composed of two separate peaks one at 284. 5 eV binding energy which is associated with graphite carbon (ref, 9) , and another at 283, 2 eV which was due to a metal carbide (ref, 10). Depth profiles ( fig. 2 ) of the 
